I. INTRODUCTION
The study of D-meson decays and mixing can provide some useful information with respect to flavor mixing and CP asymmetries [1] . system [3, 4] . Besides, the studies on DCS processes can help to test the flavor SU (3) symmetry and understand the dynamics of charmed hadron decays and the mechanism of D 0 − D 0 mixing [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] .
Among the DCS modes, the decaying of D mesons into K 0 in the final states is actually involved in the processes with K 0 S , which are dominated, however, by CF modes of D decaying into K 0 . We cannot distinguish the effects of the CF and DCS amplitudes in the individual data of D → K 0 S f . In some of the literatures, the decays with K 0 S in the final states are always approximately considered as saturated by CF contributions, and hence the DCS information is neglected in such processes [7] [8] [9] 19] .
The difference between the K 0 S and K 0 L modes induced by interference between the CF and DCS amplitudes was first pointed out by Bigi and Yamamoto [20] . They proposed the observable of the K 
The nonvanishing values of R(f ) would be induced by the interference between the decay 
The
L asymmetries have been studied in the QCD factorization approach [23, 24] . However, since the charm quark mass is not heavy enough, the QCD-inspired methods, such as the QCD factorization approach [25] , the perturbative QCD approach [26] , and the softcollinear effective theory [27] , are not suitable for charmed hadron decays. The asymmetries are also predicted in the conventional topological diagrammatic approach under the SU (3) flavor symmetry [7, 11, 13] , but it is known that the SU (3) breaking effects can be as large as 30% in charm decays and, thus have to be considered. In [10] , the authors studied the
L asymmetries in the topological approach including linear SU (3) breaking effects. Since there are too many parameters in this method, the predictive power is limited.
In this work, we study the
L asymmetries in the factorization-assisted topologicalamplitude (FAT) approach [5, 6] , in which nonperturbative contributions are included and significant flavor SU (3) symmetry breaking effects are well expressed. It has been shown that the FAT approach works well in D meson decays. The results on branching fractions are consistent with experimental data in the D decays into two pseudoscalar mesons (P P ), or one pseudoscalar meson and one vector meson (P V ). Furthermore, the prediction on [5] is verified by recent LHCb collaboration [28] . The FAT approach will be introduced in details in the following sections.
In this paper, we will study the
The BESIII collaboration has reported their preliminary result with only statistical error that [22] 
and firstly in the D → P V decay modes of
Furthermore, the D 0 − D 0 mixing effects will first be considered in
L asymmetries in the neutral D meson decay modes, which we find to be non-negligible.
The plan of this paper is as follows. In Sec. II, we will show the general formulas of L asymmetries will be given in Sec. IV. Sec. V is the conclusion.
II. THE FORMALISM OF THE
The K 
where = | |e iφ is a small complex parameter indicating the indirect CP violating effect, with the value of | | = (2.228 ± 0.011) × 10 −3 and φ = 43.5
. We start with this more general formula of K 0 − K 0 mixing, and will find later that the parameter is
(1), we express the amplitudes of
where T CF, DCS are real, φ CF, DCS and δ CF, DCS are the weak and strong phases for the CF and DCS amplitudes, respectively. The CKM matrix elements have been involved in T CF, DCS .
From Eq.(3), the amplitudes of the
For convenience, we define the ratio between the DCS and CF amplitudes as
where
. The parameters r f and δ f depend on the individual processes and φ f is mode independent in the SM. Then the
The second term in the last line is sub-leading, at the order of 10 −4 , and hence can be safely neglected compared to the first term which is O(10 −2 ). Thus the
L asymmetries are not sensitive to the CP violating effect in the K 0 − K 0 mixing system. Besides, the weak
Hence as a good approximation, the
It can be expected that R(f ) = O(10 −2 ). Therefore, the determination of the
asymmetries is useful to understand the dynamics of the DCS decays, especially the relative strong phases between DCS and CF amplitudes.
Note that all the above formulas are in general for D decays. In D 0 decay modes, the D 0 − D 0 mixing effects have to be considered, which will be discussed in the next subsection. Besides, as seen above, the CP violating effect in
L are the CP even and CP odd states, respectively,
In the following discussions, we will use the above formulas for K 0 S and K 0 L states, and the decay amplitudes of
In the SM, there is a minus sign in
Then the CF and DCS amplitudes would contribute constructively (destructively) for the
) modes in the case of cos δ f > 0, and conversely for cos δ f < 0. R(f ) can also be expressed as
Physics does not depend on the phase conventions.
But as shown in [7] that the decay constants of K 0 and K 0 are opposite in sign in this case, there would be additional opposite sign between
Thus (11) We will study the 
where the amplitudes of
where the minus sign is from (9), and η CP = PC(−1) J with the quantum numbers J PC of f 0 CP . For the decay modes with pseudoscalar mesons of π 0 , η ( ) or vector mesons of ρ 0 , ω or φ, the values of η CP = −1. In the absence of CP asymmetry, we get the decay amplitudes of
In the neutral D meson system, CP is conserved at the level of 10 −4 so far [3] . It is a good approximation that |q/p| = 1 and φ D = 0. So then, with Eqs (10) and (14), we get
The time-integrated decay rates of
Notice that the first term is independent from neutral D-meson mixing. The
Compared to (8) , the mixing parameter (16) . The current world averaging result of y D is (0.62 ± 0.08)% in the case of CP conservation [3] . If the precision of the measurements of R(f (13) and (15), and the terms of
) in (16) . So then (17) still holds in this convention.
III. AMPLITUDE DECOMPOSITIONS IN THE FAT APPROACH
The factorization-assisted topological-amplitude (FAT) approach works well for the charm decays [5, 6] . It is based on the topological amplitudes according to the weak currents.
There are four types of topological diagrams for the two-body nonleptonic D meson decays at the tree level [31] : the color-favored tree emission amplitude T , the color-suppressed tree emission amplitude C, the W -exchange amplitude E, and the W -annihilation amplitude A, as shown in Fig. 1 . Then the hypothesis of factorization is used, to calculate each topological amplitude which is factorized into two parts: the short-distance Wilson coefficients and the long-distance hadronic matrix elements. The large nonperturbative and nonfactorizable contributions are parametrized to be determined by the experimental data. In this way, most SU (3) flavor symmetry breaking effects are included. The effective Hamiltonian of the charm decays in the SM can be written as [32] 
where G F denotes the Fermi coupling constant, V CKM is the products of the CabibboKobayashi-Maskawa (CKM) matrix elements, C 1,2 are the Wilson coefficients. The currentcurrent operators are written as
with α, β being the color indices, q 1,2 being the d or s quarks.
In the factorization hypothesis, the topological amplitudes in the D → P P modes can be written as [5] T
with
and N c = 3. Here P 1 represents the pseudoscalar meson transited from the D decays, and P 2 the emitted meson, in the T and C diagrams. bound state simultaneously [34, 35] , a strong phase factor e iSπ is introduced for each pion involved in the non-factorizable contributions of E and A amplitudes. In the end, all the non-factorizable parameters,
q,s and S π are universal parameters to be fit from the data.
Similarly, the topological amplitudes of the D → P V modes can be parametrized as [6] T
where the subscript P in T P and C P represents the topologies with a transited pseudoscalar and a
The nonfactorizable parameters χ C P,V and φ C P,V are also free to be determined by the data. For the annihilation-type diagrams, the subscripts of E P,V and A P,V stand for the anti-quark from weak decays entering in the pseudoscalar meson or the vector meson. It is assumed that E P = E V and A P = A V in the FAT approach, due to the almost vanishing branching
to describe large SU (3) breaking effects.
In the end, the major nonperturbative and nonfactorizable contributions are involved in these universal parameters, and most SU (3) breaking effects are considered in the FAT approach. Besides, the penguin contributions are not included in the CF and DCS decays, are smaller than the tree diagrams, and hence are neglected in this paper. In the following discussions, the CKM matrix elements are specified out of each topological diagram to denote the CF and DCS amplitudes. So we will use the same symbols for the topological diagrams with and without CKM matrix elements, so there will be no ambiguity.
IV. NUMERICAL RESULTS
In order to obtain the reasonable results of
we do a global χ 2 fit on the nonperturbative parameters in the FAT approach using the latest experimental data. The fittings are separately for the D → P P and P V modes with 30 and 37 data, 
0.40±0.07
0.77±0.07
respectively. We use the B(D → K 
4.99 ± 0.50
in the D → P P modes, and Tables I and II for the D → P P and P V decay modes, respectively. The predictions are given in the last columns, compared to the experimental data [2] . The additional data and results in the global fitting are listed in Appendix. In order to obtain a reasonable error estimation, we consider the uncertainties of those universal parameters as well as the decay constants and form factors involved. The errors of decay constants of π, K, D and D s are taken from PDG [2] , those of η and η are from [36] , and those of vector mesons are from [37] . The form factors and their errors of D → P are taken from [38] . The errors of all the other decay constants and form factors are taken as 10% of the center value due to the theoretical uncertainties. It can be found 
holds with a significance of more than
as a good approximation with neglected branching fractions of DCS processes. 
Our result is consistent with the experimental data of R(
0.018 [21] .
For the D 0 decays, the amplitudes of
CP are the same except for the CKM matrix elements. For example,
In the FAT approach, as showed in Eq. (20) and (21),
The above ratio is only related to the CKM matrix elements. This relation also holds for the
In the case of the D → P V modes, due to the assumption of E P = E V in the FAT approach as discussed in Sec. III and shown in (26) 
With the current world averaging result of the D 0 −D 0 mixing parameter y D = (0.62±0.08)% assuming no CP violation [3] , we have
with the error from those of the CKM matrix elements and y D . Our result is consistent [21] with large errors.
Without the effect of
107 which is in agreement with predictions in other methods as seen in Table. [39] . Our results support this conclusion and extend it to D 0 → P V decays. The results on the P V modes depend on the assumption of E P = E V in the FAT approach, which works well for the branching fractions at the current stage.
We have listed the results of the diagrammatic approach [7, 13] , the QCD factorization approach [24] , the diagrammatic approach with global linear SU (3) breaking analysis [10] , the experimental data [21] and the FAT approach in Tables III for comparison . Our pre-
is larger than the others by y D = (0.62 ± 0.08)% due to the
in this work has the same sign with the experimental data, but opposite to the other theoretical predictions, because the FAT approach could contain significant flavor SU (3) symmetry breaking effects compared with [7, 13, 24] , and the latest experimental data of branching fractions have been considered. It is a similar case for the predictions of R(D
In [10] , since there are too many parameters to fit limited data, the uncertainties of predictions on the
asymmetries are very large. 
Our results are compared to other approaches [7, 10, 13, 24] and the experimental data [21] . 
V. CONCLUSIONS
The effect of interference between the CF and DCS amplitudes results in the
We present the formulas of the 
are in agreement with experimental data. We first predict the K We list the experimental data and our predictions of the channels we used to determine the universal parameters in the FAT approach in Tables IV and V . The global fitting of the D → P P and D → P V modes is separate. There are 30 observables to fix 11 free parameters in the D → P P modes and 37 observables to fix 13 free parameters in the D → P V modes.
The ρ 0 − ω mixing,
is considered in the D → P V modes to conform with the undated data of B(D 0 → π 0 ω) and B(D + → π + ω) [40] , where |ρ 0 I and |ω I denote the isospin eigenstates of ρ 0 and ω and ε is chosen to be 0.12 as in [6] . 
